In the LCAO (linear combination of atomic orbitals) approximation, a molecular orbital ' for a system in field-free space is expressed in the form
In the LCAO (linear combination of atomic orbitals) approximation, a molecular orbital ' for a system in field-free space is expressed in the form n + = E CkOk (1) k=1 where the constant coefficients ck are variation parameters, and the functions 4k are atomic orbitals. London' has shown that, when the system is in a magnetic field characterized by the vector potential A, equation (1) can conveniently be replaced by fl 2-wei(Ak.) + =Ecke hc ( tk (2) k=1 where e is the electronic charge, h is Planck's constant, and c is the velocity of light. Moreover, r is the radius vector with respect to any arbitrary origin, and Ak is the value of A at the point rk (i.e., at the nucleus about which the orbital 4k is centered). For a particular case in which each 'k is a (real) p, orbital, and in which the magnetic field, of strength H, is parallel to the z-axis, London has shown' also that the general element (3) Here, 3C is the complete one-electron Hamiltonian operator which applies in the presence of the magnetic field, and 3C0 is the corresponding operator which would apply in the absence of such a field. In addition, Dkz is the area of the triangle defined by the origin and by the points rk and rl; it is to be taken with positive or negative sign if these three points lie in, respectively, a clockwise or a counterclockwise order. Clearly, Dkk is identically equal to zero for all k, and Dkz = -Dik. 
The coefficients xO, xI, x2, . . are independent of H, but they do in general depend upon the areas Dki.
From equation (9) we find that
In the original treatment of London,I both integrals S and T were assumed to be equal to zero. With this assumption, equation (12) becomes W = a -('/2)xoH2 -xy = a -('/2)XoH2 -(xo+x,H+xJ12+ ...) (13) so that the magnetic susceptibility x, due to an electron in the molecular orbital which has the energy W, is +2W
VOL. 38, 1952 If the molecular orbital 46 happens to be identical with one of the atomic orbitals k, both x and x2 are equal to zero. Hence xo is merely the susceptibility of an electron in an unmodified atomic p orbital. On the other hand, if the molecular orbital is of the two-center type involved in a localized bond between two definite atoms, x is found always to be independent of H, so that x2 must be equal to zero. Here again, therefore, the susceptibility is simply Xo. Consequently, it seems Somewhat after London described his original treatment of diamagnetic anisotropy, Brooks2 considered the modifications that are required if the overlap integral S is assigned a value different from zero. The following discussion, although superficially rather different from that of Brooks, seems to be at least approximately equivalent to his and, in addition, it brings out more clearly the nature of the approximations which are made. Let us introduce a new parameter y, which is related to the x of equation (9) Since the above-described London-Brooks treatment of diamagnetic anisotropy seems to give satisfactory results with simple aromatic hydrocarbons, an attempt was made to extend it to some rather different systems. From a study of the apparent magnetic susceptibilities of some highly dissociated hexaarylethanes Ar3C-CAr3, Selwood and Dobres4 concluded that the magnitudes of the diamagnetic contributions to the total susceptibilities of the triarylmethyl radicals are probably much larger than Pascal's relations would lead one to expect. This conclusion seems entirely reasonable since the increase in the extent of the conjugated system in the transition from an ethane of this type to the corresponding pair of radicals should result in an increase in the diamagnetic anisotropy, so that, for example, the anisotropy of triphenylmethyl should be greater than three times that of benzene. When the calculation (by the original method of London) was made, however, the result was quite different from the expectation, since the calculated anisotropy of triphenylmethyl was only about 2.6 times that of benzene. (Cf. table 1, page 370.) This discrepancy might be due to the fact that the calculation was based on the presumably incorrect assumption that the radical is planar. Such an explanation, however, seems unlikely for, since any departure from planarity must decrease the effectiveness of the conjugation of the rings with the central carbon atom and with one another, the calculation for a non-planar radical would be expected to give a result which is intermediate between that for the planar radical and that for isolated benzene molecules.
Since the treatment of triphenylmethyl was therefore far from satisfactory, we considered it desirable to treat some other, less complex systems in which, as in triphenylmethyl, the conjugation is dependent on the VOL.-38, 1952 presence of an unsaturated atom that is not part of any ring. A simple example of such a system is provided by the carbonate ion, which has the required planar configuration, and which exhibits a small but appreciable diamnagnetic anisotropy of the same type as does benzene. The presence of oxygen, instead of carbon, atoms in this molecule and the existence of the ionic charge doubtless require the use here of different values for the parameters S, a, ,B, y, and Xo, but it was hoped that qualitative information could nevertheless be obtained. The calculations, however, showed that, no matter what values were assigned to these parameters, the calculated anisotropy was exactly zero. Some modification of the treatment was therefore demanded.
Our first idea was that the calculation ought to lead to the desired anisotropy if we "completed the electric circuits" by letting the various integrals connecting different atomic orbitals (e.g., S, 'y, T) have nonvanishing values even when the two orbitals in question were not adjacent. Although several additional parameters would therefore be required, we again hoped that we might be able to obtain qualitatively satisfactory information. The calculations, however, led to the completely unexpected result that the anisotropy, although now no longer zero, was in the wrong direction. In fact, with any reasonable choice of values for the parameters, the ion was found (contrary to experiment) to be less diamagnetic in the direction perpendicular to its plane than in one parallel to that plane Although this error might be due to the fact that the carbonate ion differs from a hydrocarbon in having a larger number of ir electrons than of 7r orbitals, such an explanation seems unlikely since a similar situation was encountered also with butadiene. Although no experimental data are available, one would naturally suppose that this latter substance must have its greatest diamagnetic susceptibility perpendicular to the plane of the molecule. As with the carbonate ion, the calculation leads to zero anisotropy if only the interactions between adjacent orbitals are considered, and to an anisotropy in the wrong or, at any rate, in the unexpected direction if more distant interactions are also included. In view of the serious discrepancies to which it thus led, this method for generalizing the London-Brooks treatment was now abandoned, and we returned to the simpler procedure of neglecting all interactions between non-adjacent orbitals.
Our next, and final, attempt to improve the treatment of diamagnetic anisotropy was slightly more successful than the first, but it still left much to be desired. As was noted above, the calculations in which the overlap integral S was not neglected were based on the assumption expressed in equation (19) . Since all the pertinent integrals can, however, be readily evaluated, it now seemed worth while to see how nearly correct this assumption really is. If the atomic orbitals 4,. have the form" qk = Nr sin 0 cos 45 exp (-1.625r/aH) (22) where N is a normalization constant and aH is the radius of the first Bohr orbit, the overlap integral S for two adjacent orbitals at a distance of 1.4 A is found" to be about one-fourth. On the other hand, the ratio T/xo is found then to be more nearly equal to three-fourths. Thus, we see that, in assuming T to be equal to zero, London neglected a term nearly as important as the one, xo, which he retained; and, moreover, that the assumption (19) is rather inaccurate. We therefore have reason to hope that the calculations could be improved by use of a better value for the ratio T/xo.
By combining equations (17), (18), and (21), we obtain 
The diamagnetic anisotropy, which is now
therefore differs by the term -('/2)xoYo from the one based on equation (20) . Since xo and yo are both negative, the effect of this term is to increase the magnitude of the anisotropy that is calculated for the entire molecule by summation of the contributions X1 -XI, for the individual occupied orbitals. Hence, the correction is at any rate in the right direction. In order to apply equation (26) to a specified molecule, we need not only to determine the values of the constants yo and Y2 by solution of the secular equation, but also to estimate the values of the parameters xo and ,B. The first of these latter quantities can be directly evaluated by integration of the defining equation (5) (cf. also equation (8)); thus, if q5k is assumed to have the same form as before (cf. equation (22)), xo is found to be equal to -1.35 X 10-6. The remaining parameter, /3, is then chosen so as to give agreement between the calculated and observed anisotropies of benzene. In this way, /3 is found to be equal to -4.20 e.-v.
The results of several calculations based on equation (26) For aromatic hydrocarbons, all three treatments lead to calculated anisotropies in fairly good agreement with one another and with experiment. For the carbonate ion and for the triphenylmethyl radical, no one of the methods is at all satisfactory, since all give much too small anisotropies. For the allyl radical and for butadiene, the last method gives anisotropies in the expected directions, but a comparison with experiment is prevented by lack of data. Of the three methods, no one is therefore generally satisfactory, but the last is perhaps slightly better than the other two.
If, in the calculations of the London type, interactions between nonadjacent orbitals are not neglected, the calculated anisotropies are in the wrong direction for the carbonate ion and probably also for butadiene. * This paper was prepared in connection with a conference on "Quantum-Mechanical Methods in Valence Theory" held at Shelter Island, September 7-10, 1951, under the auspices of the NATIONAL ACADEMY OF SCIENCES (see Summary of the Conference in a subsequent issue of these PROCEEDINGS).
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